INTRODUCTION
It has been demonstrated that the ratedependence of the yield strength plays a major role in simulating shock smearing or the gradual rise in a shock-loading profile (1) . It has been further shown that rate effects can play a dominant role in other, more complex, deformation experiments such as the 3-D formation of an explosively formed projectile (2) . Therefore, it seems reasonable to assume that modeling the gradual release of these shocks may be equally important.
In a series of papers Johnson set forth his idea of using a backstress model to describe the quasi elastic or anelastic release behavior of shock-loaded metals (3.4). In some quarters, this behavior is called either the Bauschinger or dynamic Bauschinger effect. In any case, all mean here that the material strength on unloading may not be the same as on loading. This report will describe what I have done to extend Johnson's work. While effort has been placed on a number of materials, I will concentrate here on tantalum.
BASIC EQUATIONS AND ASSUMPTIONS
Johnson's equations for straight dislocation pileups can be summarized as and Here. s is the stress deviator, G the shear modulus, E the equivalent plastic strain, and P the backstress.
Dots over these symbols connote time derivatives.
The constants C1-3 are defined by C1 = nb2/B. C2 = blaB, and C3 = U2a, where a = Gb/2x(l-v). The parameter B is the drag coefficient, n is the number of mobile dislocations per unit area, b is the Burgers' vector, L is a characteristic length for this type of dislocation, and v is Poisson's ratio.
Johnson linearized eqn. (2) by assuming C3p << 1, producing P = C46-P) = (8ab.'L2B)(s-P).
(3)
Then using eqns. (1) and (3), his best fits to shockwave profiles had B about two order; of magnitude too large when compared with theoretical calculations (3). Johnson The work-hardening parameters have been changed from 10 and 0.1 to 22 and 0.283 based on the recent quasi-isothermal data of Lopatin et al. (8) . In addition, the coefficient B/nb2 has been reduced by a factor of 5 to 2.4 G P a o p (0.024 Mb0p). This value is based on a fit to the upper part of the single-shockloading profile in Fig. 3 , but is still compatible with all the strain-rate data in ref. (1) .
It is clear from Figs. 1 and 2 that the calculations without a Bauschinger effect are inadequate. The sharp drop followed by a plateau bears little resemblance to the gradual falloff seen in the data. With eqns. (1) and (2) and the usual symmetric yield surface, the calculations are now much closer to the experiments. However, they still fall below the data.
Indeed, the agreement in the purely plastic release region is now not as satisfactory as without any Bauschinger effect. This new problem was addressed by making the yield surface itself asymmetric. This was done making the thermally-activated part of the S teinberg-Guinan-Lund (SGL) ratedependent model (1) vanish when the deviator crossed the hydrostat on release. For the rest of the problem, the yield surface remained at this smaller value.
DISCUSSION
Evidence for an asymmetric yield surface already exists as shown by the uniaxial tension-compression data of Lassila and LeBlanc (Fig. 4) (9) . At a temperature of 4K, which corresponds to a reasonably high strain-rate, there is a clear decrease in the yield strength when the Ta sample is unloaded. In addition, Frank Nabarro has suggested that while it takes significant energy to move pinned loops during loading, upon release, line tension allows these loops to collapse with much less energy required. Figure 5 shows the corresponding deviatoric-stress total-strain behavior in the middle of the target for the double-shock experiment in Fig. 2 . Curve A is for the calculation with no Bauschinger effect. It shows the classic linear relationship with a slope equal to that of the elastic loading curve. In the symmetric yield case, B, the curve begins immediately to deviate from linearity and after crossing the hydrostat, it begins to level out. Thus, the effective shear modulus, OSds/d&, is approaching zero and, therefore, should be approaching the opposite yield surface. However, to actually reach the opposite yield surface, this stressstrain curve must drop rapidly. This puts in the additional structure, not seen in the data, which is reflected in the calculation in Fig. 1 . By using an asymmetric yield surface, we can get around this contradictory situation as shown by curve C. Now the effective shear modulus goes smoothly to zero and the opposite yield surface simultaneously.
All rate dependence is not turned off on release; the drag term in the SGL model is still operative. If it too were turned off, the plastic release would no longer be smooth; rather one would see a stair-step like release. This again illustrates what has been observed before, namely, that both rate-dependence and the Bauschinger effect are important in smoothing out the calculated release. The effect of the drag term can also be seen in Fig. 5 . The flat part of the stress-strain curve is not truly flat, but rather has some structure.
Future work will aim at constructing a more sophisticated asymmetric yield surface, one that is independent of whether the initial loading is tension or compression as well as one that is applicable in multidimensional hydrocodes.
In addition, adding twinning to the yield relation is proposed. It takes energy to form the twins and additional energy to move them through the lattice.
However, on release, no energy of formation is required; only what is needed to move them back. This is a more physically reasonable approach than changing the Peierls' stiess upon release.
Equations. (1) and (2) properties.
The value of B/n here is 5 times greater than the same ratio used in the SGL model. The value of B is roughly constant, increasing, due to temperature, by at most about 15% (10) . Nabarro believes that it is certainly possible that n could differ by a factor of 5 depending on whether the system is loading or unloading. In any case, determining n in two different ways to within a factor of 5 is, in itself, a useful result, for, most assuredly, n is a complex function of the thermomechanical variables, and not a constant CONCLUSIONS Johnson's anelastic release model, in its non-linear form, does a good job of reproducing the dynamic Bauschinger effect in shocked Ta. Using the three constants in this model, it is possible to calculate the drag coefficient, mobile dislocation density, and characteristic length of a dislocation, and to obtain reasonable values. To reproduce the entire wave profiles, it appears that an asymmetric yield surface is also required. To accomplish this, the thermallyactivated part of the SGL yield model vanishes on the opposite side of the hydrostat. Comparison of data with calculation for a double shock to 5 GPa peak stress. The long dash is for no Bauschinger and the usual symmetric yield surface; the medium dash adds the Bauschinger effect; the solid line adds the asymmetric yield surface. The data are represented by the short dash line. 
